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Foreword (This Foreword is not part of American National Standard C57.12.24-2000) 
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Electrical Manufacturers Association, 1300 N. 17th Street, Rosslyn, Virginia 22209. 
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AMERICAN NATIONAL STANDARD C57.12.24-2000 


1 Scope 


1.1 This standard is intended to set forth characteristics relating to performance, limited electrical and 
mechanical interchangeability, and safety of the equipment described, and to assist in the proper selection 
of such equipment. 


1.2 This standard describes certain electrical and mechanical characteristics and takes into 
consideration certain safety features of three phase, 60-Hz, liquid-immersed, self-cooled, underground- 
type distribution transformers rated 2500 kVA and smaller with high voltages of 34 500GrdY/19 920 volts 
and below and with low voltages of 480 volts and below. These transformers are generally used for step- 
down purposes from an underground primary cable supply and are suitable for occasional submerged 
operation. 


2 References 

When an American National Standard referred to in this document is superseded by a revision approved 
by the American National Standards Institute, Inc., the revision shall not apply. The referenced standard 
and the specific referenced edition shall be the applicable referenced standard until the new version of the 
referenced document is incorporated by formal action or appropriate revision of the citing standard. 


ANSI C57.12.70-1978 (R 1987), Terminal Markings and Connections for Distribution and Power 
Transformers 


ANSI C84.1 - 1995, Electrical Power Systems and Equipment - Voltage Ratings (60 Hertz) 
ANSI/ASME B1.1-1989, Unified Inch Screw Threads (un and unr thread form) 
ANSI/IEEE 100-1996, Dictionary of Electrical and Eectronics Terms 


ANSI/IEEE 386-1995, Separable Insulated Connector Systems for Power Distribution Systems Above 
600 V 


ANSI/JIEEE C57.12.00-1993, General Requirements for Liquid-immersed Distribution, Power, and 
Regulating Transformers. 


ANSI/IEEE C57.12.32 -1994, Submersible Equipment - Enclosure Integrity 
ANSIJEEE ©C57.12.80-1978 (R 1992), Terminology for Power and Distribution Transformers 


ANSI/JIEEE C57.12.90-1993, Test Code for Liquid-immersed Distribution, Power, and Regulating 
Transformers and Guide for Short-circuit Testing of Distribution and Power Transformers 


ANSI/IEEE C57.91-1995, Distribution Transformers rated 500 kVA and Less with 55°C or 65°C Average 
Winding Rse, Guide for Loading Mineral Oil-immersed Overhead and Padmounted Transformers. 


3 Ratings 


3.1 Kilovolt-ampere ratings 


3.1.1. Kilovolt-ampere (kVA) ratings are continuous and are based on not exceeding a 55°C average 
winding temperature rise and a 70°C hottest-spot temperature rise. The temperature rise of the insulating 
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liquid shall not exceed 55°C when measured near the top of the tank. The transformers shall have a 65°C 
temperature-rise insulation system. 


3.1.2 Transformers conforming to this standard shall be suitable for continuous operation at rated kVA, 
provided that the temperature of the cooling air (enclosure ambient temperature) does not exceed 50°C 
and the average temperature of the cooling air does not exceed 40°C for any 24-hour period. For loading 
beyond rated kVA, refer to loading guide ANSI/IEEE C57.91. 


3.1.3. Nonsymmetrical unbalanced excitation or loading of wye-wye-connected units may cause heating 
of their tanks in excess of that which would be produced by balanced conditions. To reduce the probability 
of this tank heating, such a unit shall be provided with a core construction that will not saturate when 33- 
percent zero sequence voltage is applied. 

3.2 Voltage ratings and tap ratings 


Voltage and tap ratings shall be in accordance with Tables 1 and 2, respectively. 


Table 1 — Range of kilovolt-ampere and voltage ratings 


kVA Rating 
Primary rating Secondary rating Secondary rating 
(volts) 208Y/120, 240 volts 480Y/277, 480 volts 
Delta or wye: 
2400 75 - 750 75 - 750 
4160 75 - 1000 75 - 1000 
4800 75 - 1000 75 - 1500 
7200 75 - 1000 75 - 2000 
12 000, 12 470 75 - 1000 75 - 2500 
13 200, 13 800 75 - 1000 75 - 2500 
Grounded wye: 
22 860/23 900/24 940/34 75 - 1000 75 - 2500 
500 


NOTES: 

1. This table applies to terminal voltages only and does not indicate internal transformer connections. 

2. Kilovolt-ampere ratings separated by a dash indicate that all intervening ratings covered in this standard are included. 
3. For complete connector ratings, see ANSI/IEEE 386 - 1995. 
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Table 2 — Primary insulation levels and taps 
Primary rating BIL 
(volts) (kV) Primary taps * 
75 - 500 kVA rating 
Secondary Secondary 
208Y/120 240,480Y/277, 480 
Below Above Below 750 - 2500 kVA rating 
Delta or wye: 
2400 45 | 4-2 1/2% | 2-2 1/2% | 2-2 1/2% 2520/2460/2340/2280 
4160 60 | 4-2 1/2% | 2-2 1/2% | 2-2 1/2% 4360/4260/4055/3950 
4800 60 | 4-2 1/2% | 2-2 1/2% | 2-2 1/2% 5040/4920/4680/4560 
7200 75 | 4-2 1/2% | 2-2 1/2% | 2-2 1/2% 7560/7380/7020/6840 
12 000 95 | 4-2 1/2% | 2-2 1/2% | 2-2 1/2% | 12 600/12 300/11 700/11 400 
12 470 95 | 4-2 1/2% | 2-2 1/2% | 2-2 1/2% | 13 090/12 780/12 160/11 850 
13 200 95 | 4-2 1/2% | 2-2 1/2% | 2-2 1/2% | 13 860/13 530/12 870/12 540 
13 800 95 | 4-2 1/2% ee a 14 400/14 100/13 500/13 200 
Grounded wye: 
22 860GrdY/13 200 | 125 | 4-2 1/2% | 2-2 1/2% | 2-2 1/2% | 24 003/23 431/22 288/21 717 
23 900GrdY/13 800 | 125 | 4-2 1/2% | 2-2 1/2% | 2-2 1/2% | 25 095/24 497/23 302/22 705 
24 940GrdY/14 400 | 125 | 4-2 1/2% | 2-2 1/2% | 2-2 1/2% | 26 187/25 563/24 316/23 693 
34 500GrdY/19 920 | 150 | 4-2 1/2% | 2-2 1/2% | 2-2 1/2% | 36 225/35 363/33 638/32 775 
* — Primary windings without taps may be provided. 
** Same taps as for 750 - 2500 kVA sizes (see last column). 
4 Insulation levels 
4.1 Primary insulation levels shall be as shown in Table 2. Secondary insulation levels shall be 30 kV 


with a 1.2 kV insulation class. 


4.2 Dielectric test levels shall be in accordance with ANSIIEEE C57.12.00. 


5 Impedance 


5.1 Percent impedance 


The percent impedance on the rated voltage connection shall be as shown in Table 3. 


Table 3 — Percent impedance 


kVA rating Percent impedance 
75 1.00-5.00 
112.5-300 1.20-6.00 
500 1.50-7.00 
750—2500 5.75 


5.2 Impedance tolerance 
The tolerance shall be as specified in ANSI/IEEE C57.12.00. 
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5.3 Tolerance on impedance on a tap 
The percent departure of the actual impedance on any tap from the actual impedance at the rated voltage 
shall not be greater than the total tap voltage range expressed as a percentage of the rated voltage. 


6 Tests 


6.1 General 
All tests shall be performed in accordance with ANSI/IEEE C57.12.00 and C57.12.90. 


6.2 Reference temperature 

The reference temperature to which load losses, impedance, regulation, and efficiency are corrected shall 
be 85°C. 

7 Construction 


7.1 General 
The transformer shall include primary bushing wells and secondary terminations. 
7.1.1. Devices such as separable connectors, switch handles, plug-in terminators, and replaceable 


fuses, which are designed for operation after the transformer is in place, shall be located on the 
transformer cover so that they can be operated from above with hot-line tools. 


7.1.2. Mineral-oil-immersed transformers shall have dimensions not exceeding those as shown in Figure 
1. 
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| pes 
000 
HEIGHT 
WIDTH 
| 000 


O 

O 

: 4 
LENGTH _ 


Rectangular transformers Rectangular transformers 


Width Length Height Width Length Height 
kVA m (in) m (in) m (in) kVA m (in) m (in) m (in) 


150 kV BIL 95 kV BIL and below 


po SOKVBIL | S| CS KV BL andbelow 
500 | 1.52 2.44 (96) | 1.96 (77) 75 | 0.94 1.60 (63) | 1.52 (60) 
KP i adi Mal cic ail 


750 1.52 2.44 (96 2.34 (92 112.5 | 0.96 1.60 (63 1.52 (60 


60 38 
72 38 
1500 | 1.83 2.75 ( 225 | 0.96 1.60 (63) | 1.52 (60) 
72 38 
84 42 
84 
Saas i el 


44 
125 kV BIL 2.03 (80) | 2.08 (82) 
300 | 1.14 1.85 (73) | 1.83 (72) 46 

(45) 1000 | 1.32 2.18 (86) | 2.11 (83) 


‘ 
‘ 
(66) 
2000 | 1.91 2.67 (105) | 2.87 (113) Round transformers 
3 Pr 
(80) 


0.86 (34 


108) | 2.36 (93) 
) ( 


108) | 2.46 (97) 


112.5 0.86 (34) 
1.02 (40 
1.02 (40) 


Note: Depending on the accessories required, it may not be possible to construct a unit to these maximum dimensions. 
Transformers with other insulating liquids may also require different dimensions. 


Figure 1 — Maximum transformer dimensions for 150 kV BIL and below 
(based on mineral-oil filled units) 
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7.1.3 The transformer tank, cover, and all external appurtenances shall be of corrosion resistant 
material or shall be otherwise rendered corrosion resistant. 


7.1.4 The transformer base structure shall consist of bars parallel to the long axis of the 
transformer. The base structure shall provide a 40mm (1 1/2-inch) minimum clearance from the floor 
to the tank bottom, with corners left clear for jacking. 


7.1.5 The plan view of the transformer shall be in accordance with Figure 2 for the purpose of 
locating terminations and operating devices. 


PARKING 


Notre STAND (6) 


TANK 
RADIATORS 


6 [U © fy © [Ul SECONDARY 


H1B H2B H3B BUSHINGS QO, a 


WN PREFERRED AREA L 
FOR PRIMARY Q X2 —- 
NN — SWITCH HANDLES t 
SS PRIMARY = 
H1A H2A —-H3A BUSHINGS (6) <> XO 
ON PN °ON 
DOTTED (VERTICAL) LINE 


GROUND CONNECTOR 


OR PAD AS SPECIFIED IS ALTERNATE PLANE OF 


BLADE, IF SPECIFIED 


Low- 
kVA voltage 
-——tatings easing Separable insulated connector primary ratings (kV) 


a eel a | ed 2/26.3 21. 2 ae coal lH 1/36.5 


a5 and beow — a ol ae 2 ae 4.5 —— 13 ee 6.5 —— 14 
500 and above 115 (4.5) | 330(13) | 165 (6.5) | 360 (14) 


NOTES: 

1. H1B, H2B, and H3B, indicate the location of additional bushings for loop feed requirements. 

2. Parking stands shall be centered between each pair of bushings and shall also be placed dimension “M’” to the right of 
each rightmost bushing. 

3. All dimensions are minimum and in mm followed by inches in parentheses. 


Figure 2 — Preferred location of primary and secondary bushings and primary switch handles 


ANSI C57.12.24-2000 
Page 7 


7.1.6 Parking stands of series 304 stainless steel with 0.05% maximum carbon content shall be 
provided in accordance with figure 3. 


25 mm (1") 
Radius 
Cover 
Surface 
19 mm (.75") 
SSS WOW AQQY +3 mm 6.125") 
-0 mm Inside 
67 mm (2.65") 


Minimum Inside 


Figure 3 — Detail of parking stand 


7.2 Bushings and terminals 
7.2.1. Electrical characteristics 


The electrical characteristics of the completely assembled high-voltage connectors and the low- 
voltage termination shall be as given in Table 4. 


Table 4 — Electrical characteristics of transformer connectors 


ee Electrical characteristics of the 
lavals completely assembled connectors” 
Voltage 7 

BIL (kV) BIL AC 60 Hz for 1 min. 
(kV) (kV) (kV) 

30 1.2 30 10 

45 8.3 95 34 

60 8.3 95 34 

75 8.3 95 34 

95 (8.3 or 15.2)** (95 or 125)** (34 or 40)** 
125 (15.2 or 21.1)** 125 40 

150 21.1 150 50 


* For complete primary connector ratings, see ANSI/IEEE 386-1985. 
** Required connector rating should be specified. 


7.2.1.1 The number, location, and arrangement of the primary terminals and secondary bushings shall 
be as shown in Figure 2. 


7.2.1.2 Primary bushing wells shall be provided for connection to the distribution system. The bushing 
wells shall be welded to the cover. 
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7.2.1.3 The secondary terminals shall consist of plated copper spade or stud terminals in accordance 
with Figure 4. 


A -44.5 mm (1 3/4") 
B —16 mm (5/8") 
C — 22 mm (7/8") 


(4) 9/16" HOLES 


6 mm (1/4") min. 
(NOTE 2) 


kVA Secondary 
ratings ratings (volts) 


75 - 300 208Y/120 
75 - 500 
75 - 500 480, 480Y/277 

(a) 


137 mm (5 3/8") Saran Gs H ) 
Bl ¢-29mm(1 1/8") 


(6) 9/16" HOLES 


6 mm (1/4") min. 
(NOTE 2) 


kVA Secondary 
ratings ratings (volts) 


208Y/120 
750 - 1500 480, 480Y/277 


(b) 


Figure 4 — Secondary copper terminals (continued) 


225 mm (8 7/8") 
lag 


A-44.5 mm (1 3/4") 
B — 22 mm (7/8") 
C — 29 mm (1 1/8") 


(10) 9/16" HOLES 
(NOTE 5) 


kVA 
ratings 


750 - 1000 
1000 
2000 - 2500 


(c 


Mi ddddddddddddddle 


YZ 


; “Tank Surface 


~ 


6 mm (1/4") min. 
(NOTE 2) 


Secondary 
ratings (volts) 


480, 480Y/277 


Voltage 


Thread size 
(note 3) 
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Minimum L 
(note 3) 


240, 208Y/120 5/8” — 11 UUNC-2A 32 mm (1.25 


480, 480Y/277 1”— 14 UNS-2A 44 mm (1.75 


” ( : 
480, 480Y/277 5/8” — 11 UUNC-2A 32 mm (1.25 
” ( 2 


) zi @) 
240, 208Y/120 1”-—14 UNS-2A 44 mm (1.75”) 
") 


240, 208Y/120 174"— 12 UNF-2A 
(d) 


NOTES 


CLP ONS 


All dimensions are in mm unless otherwise specified. 
Greater thickness may be required. 


67 mm (2.62 


Larger thread size, length, or both may be required if materials other than copper are used. 


Terminals a, b, and c are normally supplied; terminal d is supplied only when specified. 


To be furnished with additional support, designed by the manufacturer, at the end furthest from the tank cover without 


interfering with the use of any of the ten holes. 


Figure 4 — Secondary copper terminals (continued) 
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7.2.2 Neutral terminal connection 

7.2.2.1 The primary neutral of wye-wye units shall be internally connected to the secondary neutral 
with provision for opening the connection for testing. The connection shall be accessible through a 
handhole. 

7.2.2.2 A fully rated secondary neutral shall be either a blade welded directly to the tank opposite the 
internal boss, or a fully insulated bushing, if required by the user, in accordance with Figure 4. lf a 
bushing is used, removable ground straps, sized for the short circuit rating of the transformer, shall be 
provided and connected between the neutral bushing and a ground pad, with two 1/2-13UNC tapped 
holes, welded to the top of the tank and located a minimum of 300mm (12 inches) from the bushing 
center. 

7.3 Accessory equipment and marking requirements 

7.3.1 Liquid-level marking 

A suitable marking inside the tank shall indicate the correct liquid level at 25°C. 

7.3.2 Lifting provisions 

7.3.2.1 Safety factor 

Lifting provisions shall be designed to provide a safety factor of five or more assuming a two-point lift. 
This safety factor is the ratio of the ultimate stress of the material used to the working stress. The 


working stress is the maximum combined stress developed in the lifting provisions by the static load of 
the completely assembled transformer. 


7.3.2.2 Lifting lugs 

Four lifting lugs shall be provided for lifting the transformer with four slings at a maximum angle of 30 
degrees with respect to the vertical. The bearing surfaces of the lugs shall be free of sharp edges. 
Each lug shall have a hole for attaching a 40mm (1 1/2-inch) clevis and shall be located to result in a 
distributed balanced lift in a vertical direction. 

7.3.3. Terminal marking 


7.3.3.1 External terminal markings shall be as shown in Figure 2. 


7.3.3.2 The identification of terminal connections shall be as shown on the nameplate. 
7.3.3.3 The angular displacement shall be as shown in ANSI/IEEE C57.12.00. 


7.3.4 Nameplate 


7.3.4.1 The nameplate shall be securely attached to the top cover and shall be oriented with the 
transformer terminals. 


7.3.4.2 The nameplate shall conform to the requirements of nameplate "C" as described in 
ANSI/IEEE C57.12.00. 
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7.3.5 Tap changer 


A tap changer for de-energized operation shall be provided. Each tap-changer position and tap 
voltage shall be clearly identifiable by reference to nameplate information. All positions of the tap 
changer shall be operative positions. 


The tap changer shall be designed with an operating means available under a 2-inch NPT plug, under 
suitable cover, or protruding through the cover. An indicator shall clearly show the tap position when 
the plug or cap is removed. 


7.4 Tanks 


7.4.1. General 


The transformer tank shall be of sealed construction, consisting of a welded main cover equipped with 
a handhole cover and a subbase. The completely assembled tank shall be of sufficient strength to 
withstand a pressure of 50 kPa (7 psig) without permanent deformation and 105 kPa (15 psig) without 
rupture. The completely assembled transformer shall be tested for leaks at a minimum of 50 kPa (7 
psig) measured above the static head of liquid for not less than six hours. Alternative methods for leak 
detection, such as the helium leak detector method, may be used. 


7.4.2 Covers 


The cover shall be welded in place. 


7.4.3. Handholes 


When a handhole is required, it shall be located on the cover and shall be of welded construction. 


7.4.4 Ground provisions 


7.4.4.1. A grounding pad or connecting points shall be provided near the primary bushings for 
grounding each cable shield. 


7.4.4.2 The tank grounding provision shall consist of one of the following: 


1. 500 kVA and below: An unpainted, copper-faced-steel or stainless-steel pad with a 1/2-inch- 
13-NC tapped hole, as shown in figure 4(a). The minimum thickness of the copper facing 
shall be 0.4 mm (0.015 inch). The minimum thread depth of the hole shall be 11 mm (7/16 
inch). 


2. Above 500 kVA: An unpainted, copper faced-steel or stainless-steel pad, 51mm (2 inch) x 
89mm (3 1/2-inch), with two holes spaced on 44.5mm (1 3/4-inch) centers and tapped for 
1/2-inch-13-NC thread, as shown in figure 4(b) & (c). The minimum thickness of the copper 
facing shall be 0.4mm (0.015 inch). The minimum threaded depth of holes shall be 12.7mm 
(1/2-inch). 


3. All kVA sizes: A corrosion-resistant blade with four 9/16-inch holes spaced on 44.5mm (1- 
3/4-inch) centers, as shown in figure 4(a). 


7.4.4.3 All threaded holes in steel shall be equipped with a non-corrosive bolt or plug to prevent 
rusting of the steel during storage. 


7.4.5 Finish 
The finish shall conform to ANSI C57.12.32, Submersible Equipment Enclosure Integrity. 
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7.5 Audible sound levels 


Transformers shall be designed so that the average sound level does not exceed the levels given in 
Table 5. 
Table 5 — Audible sound levels 


Average sound levels 
35 kV and below 
kVA rating (decibels) 
75 51 
112.5 55 
150 55 
225 55 
300 55 
500 56 
750 57 
1000 58 
1500 60 
2000 61 
2500 62 


